Abstract-This paper presents the design and implementation of a solar-grid hybrid system that provides an economical and sustainable power supply to the dc loads. Integration of solar system with grid is quite complex and expensive. Yet with this proposed design not only a cheap and simple hybrid system can be achieved but also a reliable, efficient and cost effective one. A charge controller is designed with maximum power point tracking technique using perturb and observe method.
I. I NTRODUCTION
The worlds power demand is increasing rapidly [1] . So to meet this demand researches are going on regarding usage of alternating natural power source such as wind and PV systems with the existing grid. Traditional energy sources such as coal, oil, gas and hydro are depleting and causing great harm to the nature. Hence, it is evident that we have to scope for a new form of energy which are in abundance and eco-friendly. Friendly energy, in other words, energy which is extracted from natural sources such as wind, sunlight, rainfall and tides are considered limitless as they can be replenished naturally [2] . Though these sources are in abundance but they are very irregular in nature, they cannot be controlled thus will vary from time to time. Therefore considering it to be the only source supplying power to a huge system is not feasible as it might not supply the minimum power continuity level required by the load [3] . To compensate this fluctuation of power supply, a grid-tie hybrid system can immensely help to overcome the lacking. Hence this system will show higher reliability and cost efficiency than that of depending on one source only [4] . However, certain difficulties can be faced in order to design a solar-grid hybrid system. One of the major difficulties faced in hybrid system is grid synchronization. Different 978-1-5090-3745-2/16/$31.00 ©2016 IEEE methods are being implemented to synchronize the grid and PV system to supply power to load [5] - [6] . One of the many methods is using phase locked loop or Fourier analysis technique synchronism is maintained [7] still it is very complex and prone to error. Second one is to make this process adaptive to any changes in frequency that is very likely to occur in the grid system [8] - [9] . A common use of simple hybrid system in residential purpose is using different sources independently, that is the load will be powered by the grid and when there is absence of grid power from solar will be given to. Yet in this case there is a serious disadvantage that is wastage of solar power when the when the grid is active. Considering all these drawback a hybrid system is designed to avert the problems discussed above with a much economical, feasible and simpler one. The main focus is on how two power sources are incorporated using a simple diode switching circuit, its relative tests and results.
II. P ROPOSED S YSTEM
An overview of the proposed hybrid system is shown in Fig  1 . The system consists of a solar panel, maximum power point tracking charge controller, battery packs, AC/DC converter (output voltage can be varied) and a diode switching circuit. In this system, the load has been supplied by DC, not AC. It is because using AC power is much more complicated to design a solar-grid hybrid system [9] . Such as, grid synchronization, where Information about phase angle of the grid voltage is required to transfer the power from converters. To avoid the complications, a simple yet efficient system have been pro posed in this paper which is completely out of these complex methods. The charge controller actually is a DC/DC converter (Fig 2) that tracks the maximum power from the solar panel. As the maximum power varies with the change of the weather condition, a maximum power point tracking algorithm (perturb and observe) is implemented in the charge controller. The charge controller provides some other protections as well. Like, high voltage disconnect (HVD), low voltage disconnect (LVD) and short circuit protection. The circuit that helps to incorporate the two sources is the diode switching circuit.
A. Diode switching circuit
Diode switching circuit is perhaps one of the simplest and effective circuit to supply power to the load from various sources, in this case battery and grid. The grid voltage could be altered occurring to load requirement and the condition of the battery, by an AC/DC converter. The schematic of this circuit is given in Fig 3, there are two inputs, and one is connected to the battery and another one to AC/DC converter. So, basically the battery and grid voltage will be across those inputs and their corresponding currents will flow to load. What percentage of current will flow from the two sources was categorized depending on three situations. It is seen that when the battery voltage is higher than the converter output, higher percentage of total current will flow from there. Due to the voltage difference the current from the battery will try to reach the other input, but it will be blocked by the schottky diodes D 1. In this situation D2 will be in forward bias and D 1 is in reverse bias. Similarly then second situation is when the converter voltage is higher we will expect more current will be flowing from here. The third is when both the input voltage are same, we will that 50% of total current are coming from both the inputs. 
III. R ESULT S AND A NA LYSIS
In this section, data and graphs obtained from different experiments will be presented and they will be analyzed briefly. After building the system as shown in Fig 9, the following tests were run:
A. Test to obtain the J-V and P-V curve of the solar panel in high and low irradiance level: Voltage (V) 
B. Efficiency test of the MPPT charge controller
To test the efficiency of the MPPT device, the circuit was set as Fig 7 
Fig. 7. Block diagram for calculation of efficiency
The efficiency calculated for a given number of days is given in Ta ble I 1) Testing the diode switching circuit: : After connecting the total circuit, some data were collected using multi-meters. The graph is given in Fig 8. Here, Igrid is the dc current coming from grid and hattery is the current coming from battery. When a 23W load were supplied with the hybrid system, the data were recorded table II. The battery voltage was fixed at 12.4V and the grid voltage was regulated from 15V to 11 V. At 15V, hattery is zero because grid voltage is higher than the battery voltage. Until the grid voltage is almost equal to the battery voltage, the reduced grid voltage caused an increase in grid current to keep the output power constant. When the grid voltage was equal to the battery voltage (l2.4V), both the sources started
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Voltage (V) supplying the same current (0.9A) together. And when the grid voltage was less than the battery voltage, the grid current started decreasing and the battery current started increasing. This is how the diode switching circuit works. Normally, the grid voltage will be set to 11 V. If the battery voltage decreases to 11 V, both the sources will supply 50% of the total current. In Bangladesh, the climate is more or less steady so the battery will get charged steadily. So, dependency on load will be very low and it will save a huge amount of money yearly. A study is given below: For example, if this 23W load runs from 9 : OOam to 5 : OOpm for a month, total power consumption will be 6210 KWh which will cost 62,799.765 BDT over a month (using online bill calculator). Assuming the weather conditions to be steady, monthly 62,799.765 BDT can be saved using this hybrid system. In Ta ble II, we can see that for the first four data, decreasing voltage is causing an increase in current so that the output power remains constant. When the grid voltage is lower than the battery voltage, the grid current decreased and the battery started supplying the current. 
IV. C ONCLUSION
A solar-grid hybrid system with maximum power point tracking method has been presented in this paper. Some studies are presented here that shows the incorporation of the grid and the solar power. In Bangladesh, solar power has become very much popular as no additional resource (water, fuel) is required.There is no moving part and the maintenance required for this is very low. Installation of this hybrid system is very much applicable because, the installation cost of PV system has decreased by almost 20% for every doubling of installed capacity [10] . The unit cost of PV has sunk in several orders of magnitude and the efficiency is getting improved day by day [10] - [15] . Installing this solar-grid hybrid system will be actually very fruitful because it will reduce the grid dependency. On the other hand, this system promotes green energy which is very important because all the energy sources are depleting day by day. So, people must look for new renewable sources and solar power is definitely one of the best choices in this purpose.
